Two dimensional analogue of vacuum sector of the Brans Dicke gravity is used to study dynamics of anisotropic spherical symmetric perfect fluid. We solve dynamical equations and obtain internal metric of the fluid describing a stellar collapse with equation of state as ρ(p) = 2p(1 − p 3 0 /p 3 ) for ω >> 1. We determine time dependence oscillations of particles ensemble, apparent and event horizons location where the particles same as the event horizon are trapped by the apparent horizon and they are located on back of the apparent horizon. We determine radial accelerating velocity of the particles ensemble from the phase part of the corresponding de Broglie quantum wave of the fluid sphere. A good correspondence are obtained between our classical and de Broglie quantum wave solutions by overlapping diagram of the classical solutions (relative distance of the particles, apparent and event horizons) with particles ensemble density. The particles ensemble together with the event horizon are located back of the apparent horizon finally and black hole is made.
Introduction
Around a collapsing star, gravity takes an ultra-strong intensity. Hence corresponding matter density and space-time curvature diverge to infinity. It is predicted from singularity theorems in general relativity [2] that end of stellar collapse leads to a visible naked or invisible covered singularity. Property of visibility of singularities are determined by the causal structure of collapsing process, satisfying the gravitational field equations. Internal dynamics of the collapse can be determine type of singularities. They will be naked and hence visible from view of external observer if collapse process delays the formation of the event horizon [3, 4, 5] . Penrose represented 'cosmic censorship hypotheses' initially [6] , which explains properties of the final singularity of 1 E-mail address: hghafarnejad@ yahoo.com. 1 a gravitational collapse. In this conjecture, space-time singularities created from gravitational collapse usually should be covered by hyper-surface called as event horizon. Hence it will be invisible from view of outside observers of collapsed object namely black hole [7] . However there is still a doubt for reality of censorship hypotheses and has been recognized as one of the most open problems in classical general theory of relativity. The censorship hypotheses may to be still valid in quantum gravity approach (see [8] and references therein). Black holes and naked singularities have different properties observationally. They have different characteristics in the gravitational lensing [9, 10] and also many exact solutions of Einstein's gravitational field equations are obtained which admit naked singularities [11] [12] [13] [14] [15] [16] [17] [18] .
In the present paper we use vacuum sector of the Brans Dicke gravity in two dimensional analogue [1] and solve time dependent field equations. We obtain exact solutions for internal geometry of the gravitational collapse in which the Brans Dicke scalar field treats as anisotropic spherically symmetric perfect fluid. Equation of state takes dark and visible regular matter regime during the collapse process. Apparent and event horizon of the collapse process is derived in terms of the Eddington-Finkelstein retarded time. We obtained that the event horizon is covered by apparent horizon hypersurface and so our solution describes internal collapsing fluid sphere (black hole) which its singularity is covered by event horizon hypersurface (see figs.1 and 2). In second part of the paper we solved corresponding de Broglie-Bohm quantum wave functional of the collapsing fluid sphere. Probability amplitude of particles ensemble and their radial velocities is calculated in terms of the Eddington-Finkelstein retarded time. Diagram of them are given in figures 2 describing a radially accelerating fluid sphere which their event horizon containing all particles of the fluid is located inside of the apparent horizon at a finite time and so there is made a black hole. Zero value of probability of the particles ensemble on the time-like hypersurface u = 0 leads to a good correspondence between our classical and de Broglie approach quantum solutions where the particles ensemble have velocity with infinite value. Organization of the article is as follows. In section 2 we present dilatonic Brans Dicke gravity in 2 dimensions given in ref. [1] . Varying the action, we obtain dynamical equations of the two dimensional induced metric, the Brans Dicke scalar field and the dilation field. Dilaton field comes from dimensional reduction of the Brans Dicke action from four to two dimensions. General form of the anisotropic spherically symmetric Brans Dicke perfect fluid stress tensor is given in terms of the mass density, radial and tangential pressures respectively. In section 3 we solve dynamical field equations and obtain time dependent exact solutions defined in null coordinates system, by applying the well known separation of variables method. In section 4 we obtain apparent and event horizons of the gravitational system described in the Eddington-Finkelstein retarded space time coordinates (u, r). Also we obtain external metric of the collapsing fluid sphere near the apparent horizon as Schwarzschild type by calculating the corresponding mass function M(u). In section 5 we use results of the work given in ref. [1] and obtain de Broglie quantum wave functional of our collapsing Brans Dicke fluid sphere . Then we calculate particles ensemble density and their radial velocity and discuss physical interpretations of them. Section 6 allocates to summery and conclusion.
Dilatonic Brans-Dicke gravity in dimensions
We take the Brans-Dicke scalar tensor gravity theory [19] such as follows.
where g is absolute value of determinant of the metric g µν with Lorentzian signature (−, +, +, +). ω is dimensionless Brans-Dicke parameter and its present limits based on time-delay experiments [20] [21] [22] [23] requires ω ≥ 4 × 10 4 . When ω → ∞, then the theory leads to the Einstein's general relativity [24] and its negative values come from higher dimensions of curved space time (see [25] and references therein). Using general form of spherically symmetric curved space time metric such that
and eliminating divergence-less terms, the action (2.1) become [1] :
where ψ 2 is 2-sphere conformal factor and R is Ricci scalar of 2-dimensional metric g ab defined by 2-dimensional coordinates system x a with a ≡ 1, 2. Varying the action (2.3), with respect to the fields g ab , ψ and φ the corresponding field equations are obtained respectively as
and
ϕ is time − radial and angular part of the Brans-Dicke field stress tensor defined by respectively as
We assume that the Brans-Dicke scalar field φ treats as spherically symmetric bosonic perfect fluid with anisotropic stress tensor with heat flux in four dimension µ, ν = t, r, θ, ϕ as
where ρ, p, V µ and U µ denotes the matter density, fluid pressure, heat conduction vector orthogonal to U µ and components of unit time-like flow vector field of matter U µ U µ = −1, respectively. V µ is also called the momentum density satisfying
The anisotropic stress energy tensor Π µ ν is given by
where S = S(t, r) describes the magnitude of the anisotropic stress tensor. The radial vector C µ is obtained as
with background metric
and by choosing the comoving coordinates system, U µ U µ = −1 yields
With these definitions, the stress energy momentum tensor (2.9) has the following nonvanishing components
where p r , p t is pressure along radial and tangential direction respectively and
In the next section, we seek time-dependent solutions of the metric equations defined by (2.4), (2.5) and (2.6).
Internal metric solutions
It is convenient to introduce the double null coordinates u, v where the line element (2.13) reads ds
where we consider retarded time u and advanced time v as
Applying (2.7), (2.8), (2.15) and (3.1) the equations (2.4), (2.5) and (2.6) together with some mathematical calculations, leads to 2e
2e
where
(3.9) Also one can obtain mass density and radial pressure as
The expression T uu (T vv ) represents the current of energy through the surfaces v = const (u = const) in four dimensions: they should not be negative at least within the classical theory. However the tensor (3.7) may to be has negative values for some φ. Applying the separation of variables method as
and using (3.7), (3.8), (3.9), the equations defined by (3.3), (3.4), (3.5) and (3.6) become respectively
14)
and e
where over dot (prime) denotes to differentiation with respect to variables u (v) and α is separation of variables constant which is determined by the equation
With some mathematical calculations one can obtain power law solutions of the functions X(u), Y (v), e 2P (u) and e 2Q(v) such as follows. where σ = 2α(αω − 1)(1 + 2ω) (6ω 2 + 3ω + 1)α 2 + 2(1 − 2ω)α + 2(3 + 2ω) , (3.23) 
With large ω one can obtain following approximations from (3.19), (3.23), (3.24) and (3.25) such as follows.
Applying (3.1), (3.27) and (3.29), the metric equation (2.2), tangential pressure (3.9), matter density (3.10), radial pressure (3.11), the dilaton scalar field (3.26) and the Brans-Dicke scalar field (3.28) become respectively which describes matter domains for p > p 0 and 'dark' matter domains for p < p 0 respectively. It describes an ultra-relativistic fluid regime ρ = p of the gravitational system for p = 3 √ 2p 0 .
Apparent and event horizons
It is convenient to rewrite metric solution (3.30) in the Eddington-Finkelstein retarded time coordinates system (u, r) as
where one can obtain from (3.2) and (3.30) coordinates transformations as
One usually defines the apparent horizon of the metric solution (4.1), to be such a point (u, r) on hyper-surface
at which one has a null condition
Behavior of the function Σ(u, r), along the retarded time surface u = const which at v = 0(r → ∞) intersects a future apparent horizon with twodimensional spatial area 4πΣ = ∞. However one can obtain location of the apparent horizon in terms of the Eddington-Finkelstein retarded time u from (4.5) such as follows.
where AH denotes to the words apparent horizon and time dependent size of its spatial surface area S AH (u) = 4πr 2 AH (u) is given with the figure 1. It exhibits with a causal singularity r = 0 at time u = u 0 . To avoid the singularity, it is convenient to consider the exterior geometry of the fluid. The apparent horizon may be treated as the inner boundary of the exterior region. However the position of the event horizon at a time t can be determined only if the whole development from t to +∞ is known. Near the apparent horizon the exterior metric of the fluid is usually described by Vaidya space time as where over-dot denotes to differentiation with respect to retarded time u. The above equation is derived from (4.7) for null geodesics ds Diagram of the classical locations of the apparent (event) horizon defined by (4.6) ((4.10)) is given with dash (solid) lines in figure 1. They show a collapsing fluid sphere which exhibits causal singularity r = 0 and event horizon stand inside of the apparent horizon. In other word collapse process gets a singularity covered by event horizon and so the censorship hypotheses is still valid (see and compare figs. 1 and 2). In the following we seek corresponding de-Broglie quantum wave of the collapsing fluid under consideration. We derive particles ensemble density and corresponding velocities.
de Broglie wave and particles ensemble
Using the transformations
3+2ω , (5.1)
where we set ω = 4 × 10 4 and u 0 = 1. Also it is useful to write particles ensemble density (5.3) at the particles position as
Diagram of the functions (5.7), (5.8), (5.9) and (5.10) are given with figure 2 and they are predicts final state of an anisotropic perfect fluid collapsing sphere as a black hole. Obviously our results and deductions will be corrected by regarding de Broglie-Bohm quantum potential effects Q = − √ ̺ √ ̺ making quantum trajectories of the particles ensemble, which is not considered here and it is proposed as a future work.
Concluding remarks
We used results of the work presented in ref. [1] to study internal geometry of an anisotropic perfect fluid collapsing sphere in the classical and the de Broglie-Bohm quantum gravity approaches. Mathematical calculations in both of classical and quantum regime predicts that the spherical symmetric stellar collapse of the fluid will be reach to a black hole topology finally where cosmic censorship hypothesis maintained valid still and causal singularity r = 0 is covered by the black hole event horizon. 2 EH (u) where the corresponding radiuses r AH and r EH is given by (4.6) and (4.10) respectively. Below (above) of the vertical axis takes situations where S EH < S AH (S EH > S AH ). It describes a collapsing internal universe where the matter is trapped by the event horizon hypersurface. 15
Figure 2: r AE (u) (eq. (5.7)) with solid line, r P A (u) (eq.(5.8)) with dashdot line, r P E (u) (eq.(5.9)) with dot line, and particles ensemble density (eq.(5.10)) with long-dash line is cleared. r AE (u) (r P E (u)) shows that position of the apparent horizon (relative distance of the particles with respect to the event horizon) is located on front of the event horizon for u < 0 and is located on the back of event horizon for times u > 0 but after than some oscillations. r P E (u) clears that the particles are stand on back of the apparent horizon but after than transmitting into its front. Zero value of the probability density ̺(r P , 0) on the time-like hypersurface u = 0 approves that the particles should not be stand on this hypersurface because of whose infinite velocity at this time. They are move in to the event horizon inside.
